Introduction. We performed a meta-analysis to assess the association of ACE2 G8790A polymorphism with essential hypertension. Materials and methods. The references were retrieved through MEDLINE, Wanfang and VIP Information. The analyses were performed by the software STATA 9.0. Results. No significant publication bias was observed. The combined data showed no association of the frequencies of the A allele with essential hypertension odds ratio (OR)=1.09 95% confidence interval (CI)=0.98-1.20; p=0.11 in female patients. No associations were shown between the frequencies of the A allele with the genetic susceptibility to essential hypertension in male patients (OR=1.11 95% CI=0. 95-1.29; p=0.19). Conclusion. The meta-analysis suggests that ACE2 G8790A polymorphism may not be a genetic risk factor for essential hypertension in a Chinese Han population.
Introduction
Essential hypertension arises as a complex quantitative trait that is affected by a varying combination of genetic and environmental factors. The renin-angiotensin system is closely associated with essential hypertension. In 2000, almost 50 years after the discovery of angiotensin-converting enzyme (ACE), ACE2, a human ACE homologue, was discovered by two research groups. ACE2 shares 42% identity with the catalytic domain of somatic ACE, converts angiotensin Ⅰto angio-tensin1-9 and angiotensin Ⅱ(Ang Ⅱ) to angio-tensin1-7 (Ang(1-7)), which has been reported to promote vasodilatation and counterbalance the effects of AngⅡ. Recently, Zhong et al. 1 showed that the ACE2 G/A polymorphism (rs2285666) is associated with hypertension in female Chinese patients with metabolic syndrome, while Fan et al. 2 showed no association of rs2285666 with hypertension. To date, association studies of the ACE2 genotype with Chinese Han essential hypertension have yielded conflicting results. [2] [3] [4] [5] [6] In the present study, we investigated whether or not the ACE2 genotype is associated with Chinese Han essential hypertension by performing a metaanalysis of the data from the literature.
Subjects and methods

Identification of studies
Medical reports based on clinical observation published in English and Chinese were considered in this meta-analysis. In addition, a search was performed on MEDLINE, Wanfang and VIP Information using the following keywords: (angiotensin-converting enzyme 2 or ACE2) and (polymorphism or genotype) and (essential hypertension). Further, complementary searches in the reference lists of selected articles were performed. In each study, only studies with information on the genotype distribution according to essential hypertension were included. In assessing risk for essential hypertension, genotype data were divided into two categorical groups, the essential hypertension group and the control group.
Statistical methods
The STATA 9.0 package was used for statistical analysis. For calculation of summary odds ratios (OR) according to the genotype groups, we adopted a fixed effect model followed by the Q test for assessing the heterogeneity of the strength of the association. The Begg and Egger tests were used to assess publication bias. Because G8790A in ACE2 is on the X chromosome, Hardy-Weinberg equilibrium could be tested only in the female population and was in accordance with expectation.
Results
Five available reports with complete data on comparison of the frequency of ACE2 gene polymorphism between the Chinese Han essential hypertension group (n=2,528) and control group (n=2,024) were selected for further analysis in this study. [2] [3] [4] [5] [6] Because ACE2 is on the X chromosome, pooled analysis was performed separately in female and male subjects. The five studies on Meta-analysis of association of ACE2 G8790A polymorphism with Chinese Han essential hypertension
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Publication bias and Hardy-Weinberg equilibrium
The potential presence of publication bias was evaluated using the Begg and Egger tests (figures 1 and 2 
Discussion
This study represents the first application of meta-analysis to assess the risk for Chinese Han essential hypertension in relation to the G8790A polymorphism of the ACE2 gene. Based on more than 4,500 essential hypertensive individuals in total, it is concluded that no association of this polymorphism with Chinese Han essential hypertension is observed in female or male subjects.
Recently, fundamental studies of ACE2 have shown that Ang(1-7) can be generated from both AngⅠand AngⅡ by the action of ACE2. Levels of Ang(1-7) increase significantly during ACE inhibition because of an increase in the Ang(1-7) precursor (AngⅠ) and also because ACE is one 
Figure 2
Evaluation of publication bias using funnel plots is shown for male subjects. 
Figure 3
The association of G8790A polymorphism with the risk for essential hypertension in female subjects. Estimates of OR for Chinese Han female essential hypertension according to G8790A polymorphism of ACE2 gene. 95% CI  (for each group) and ◇ (for all studies combined). Broken vertical line represents summary OR of the total pooled data. 
Figure 4
The association of G8790A polymorphism with the risk for essential hypertension in male subjects. Estimates of OR for Chinese Han male essential hypertension according to G8790A polymorphism of ACE2 gene. 95% CI  (for each group) and ◇ (for all studies combined). Broken vertical line represents summary OR of the total pooled data. of the main metabolising enzymes of Ang(1-7). Ang(1-7) antagonises many of the cardiovascular actions and proliferation of AngⅡ. These results suggest that the ACE2 gene is associated closely with essential hypertension. ACE2 has complex pleiotropic roles in physiology and various pathophysiological states. According to the hypothesis put forward by Otto, genes with pleiotropic effects have a low rate of evolution, that is, the ACE2 region is stable and conserved, indicating that the genetic effect is small. On the other hand, the ACE2 gene intertwines and functions in concert with many other genes, suggesting epistatic effects may exist. 7 This study indicates that G8790A polymorphism of ACE2 gene contributes to the genetic susceptibility of essential hypertension, while no statistical difference was observed, which is consistent with Otto's hypothesis. Negative results in our study may also be attributable to this. Further investigation of the interaction between ACE2 and other genes is being carried out in our Institute. It is possible that ACE2 may be altered in a tissue-specific manner at the level of ACE2 protein and enzymatic activity, but remains unchanged at the gene level. 8 It is important to keep this in mind when interpreting data from studies reporting ACE2 gene polymorphisms in diseases such as hypertension or diabetes. Indeed, such studies have failed so far to reveal associations between different ACE2 genotypes and essential hypertension 9 or diabetic nephropathy in patients with type 1 diabetes. 10
Study limitations
Some limitations need to be discussed for this meta-analysis. First, publication bias and heterogeneity may be present, distorting the meta-analysis. However, we performed Q test and Egger test for male and female analyses, no statistical differences were observed, and the funnel plots were symmetrical. Therefore, we could rule out the possibility that this might influence the results of this meta-analysis. Secondly, although the available genetic data could not implicate the ACE2 8790A variant as a determinant of Chinese Han essential hypertension susceptibility, the possibility that the ACE2 gene contains another essential hypertension-associated, and possibly even causal, variant needs to be examined. Therefore, additional prospective studies are recommended to find the correlation between ACE2 gene polymorphism and Chinese Han essential hypertension. 
